The ultimate aim of somatic cell genetics is to provide for mammalian and other higher organism cells in culture a system of analysis which emulates the techniques of prokaryotic molecular biology and the fine genetic manipulations of Drosophila and plant genetics. Though a significant start has been made using the techniques of cell fusion, there is still a long way to go. Selective techniques, which are the key to the success of much genetic manipulation, need to be further developed to a level, for example, that makes fine structure analysis possible. Chromosome segregation needs to be more precisely controlled, aiming ultimately to mimic with mitotic systems the types of chromosome substitutions that can so far only be achieved in meiosis. The newly developed in vitro recombinant DNA techniques will both enhance and be enhanced by improvements in the fine control of insertion and excision of specific DNA sequences, leading to precise manipulation of the genome almost to the nucleotide pair level.
have now been identified, and their order is colinear with the gene map. The relationship between physical distance between sites (in terms of DNA base pairs) and recombination frequency is roughly linear in the range 4 to 1100 base pairs, but with some indication of map expansion at the lower end of the range and some pronounced marker effects. The effects of the amino acid replacements on the allosteric properties and coenzyme-binding capacity of the mutant enzyme varieties serve to identify regions of the molecule important for these functions. Among the mutants in am, the structural gene for NADP-linked glutamate dehydrogenase (GDH), am14 is anomalous in that, though complementing several other am mutants and "complementing negatively" with wild type (Fincham and D. R. Stadler, Genet. Res., Gamb., 6, 121, 1964; T. K. Sundram and Fincham,J. Bact., 95, 787, 1967) it produces no detectable mutant protein or cross-reacting material under ordinary conditions (D. B. Roberts andJ. A. Pateman, .7. gen. Microbiol., 34, 295, 1964) . We now find that amj4 produces a relatively low level of highly thermolabile GDH in medium containing 1 0-l 25 M-glycerol at or below 25°; little or no GDH is produced at 30° or higher even in presence of glycerol.
REVERSION ANALYSIS OF THE PRIMARY LESION IN
Two classes of revertants obtained from am14 have restored GDH activity in the absence of glycerol, though the formation of the GDH is still temperature sensitive and the enzyme produced is still less stable than wild type, though more so than am14-GDH. One of two mutants representative of the two classes has the replacement Leu'°-+His2° while the other has Leu20-÷Tyr20. Assuming that the mutations involved are single base substitutions, it is deduced that the primary replacement in am14 is Leu--His and that, in one class of revertant, there has been the secondary change His-Tyr in the same residue while, in the second, there has been a partially compensating replacement at a second (unknown) position. The replacement of Leu2° is thought to cause a drastic destabilisation of the quaternary structure of the enzyme, partly remedied by glycerol. The development of Ersiphe graminis f.sp. avenae has been studied on a number of oat lines, These were Arena sativa cv. Manod (susceptible), resistant lines of Arena hirtula and 37/3-K Avena harbata, and amphiploid hybrids and disomic addition lines between cv. Manod and the wild species. None possessed known specific gene resistance to oat mildew race 2 which was employed. By all criteria used (percentage eonidial penetration, colony and haustorial characters) the wild species were resistant relative to cv. Manod. This resistance was progressively reduced through the amphiploid hybrids and addition lines. Although first and fifth formed leaves of cv. Manod and the wild species were almost equally affected by disease, the resistance of the interspecific hybrids generally increased with plant age, being expressed more strongly in fifth than in first formed leaves. An IR-gene system in inbred mice to the antigen ferritin, has been described (Young, Deacon, Ebringer and Davies, 3'. Immunogenetics, in press). The genetic control of the immune response to ferritin has now been further examined in 10 inbred parental strains and 7 different F, hybrid strains involving 695 mice.
The degree of dominance (d) of the IR-genes in the F, hybrid population, was calculated using Fisher's formula (Fisher, Tram. Roy. Ssc. Edin. 52, 399-1918) , where: -aa) and which takes the value of + 1 for complete dominance, -1 for complete reeessivity and zero for no dominance or eodominance.
The mean "d" value in the immune response to ferritin, calculated for 156 F, mice was found to be -00467 00083 (mean S.E.) which is close to a value of zero, thus indicating no genetic influence of one allelic IR-gene upon the other.
It is suggested that in the ferritin immunogenetic system, as in most published systems (Ebringer, Deacon and Young, Heredity, 56, 284, 1976) The relative phenotypic variability of inbred and outbred mice has been a matter of controversy for many years. Early workers concluded that, "the published facts suggest that inbred strains are usually more variable than inter-strain hybrids, with random bred colonies occupying an intermediate position ". This so-called paradox of inbreeding is attributed to developmental instability in homozygous animals. Much of the early work was based on small sample sizes, and few populations were sampled. Extensive new data on variation in mandible shape in mice shows unequivocally that for this character at least, inbred strains are substantially less variable than outbred stocks. The presence of tumor inducing information, presumably coded by a tuusor gene (To) , has been experimentally demonstrated in certain strains of the xiphophorine fish. To, when uncontrolled, initiates neoplastic transformation in melanophore precursor cells, leading to the development of a melanoma. In the normal strains, Tu expression is suppressed by a system of regulatory genes (R-genes), which may be non linked or linked to Tu. The non-linked R-genes, usually present in high number (polygenic), can be easily removed by crossing procedures, leading to the depression of the Tu-expression and subsequent development of a melanoma. On the other hand, linked R-genes (usually oligo-or monogenic), may be impaired by mutagerl treatment, leading also to the development of a melanoma; the linked R-genes cannot be eliminated by crossing per Se.
It has been recently suggested, that Tu is regulated by different sets of non-linked and/or linked R-genes specific to different cell types. Therefore we have investigated the development of neoplasms of cell types other than those of the melanophore precursor cells in the fish by treatment with chemical or physical mutagens (N-methyl-N-nitrosourea or X-rays, respectively). The neoplasms, induced in specific Tu carrying genotypes, include epitheliomas, neuroblastomas, hepatomas, thyroid carcinomas, and kidney tumors. This would imply that the respective oligo-or monogenic regulatory gene system might have been impaired.
Susceptibility to neoplastic transformation, therefore, appears in the xiphophorine fish to be a consequence of both the number and the arrangement of R-genes responsible for It has recently been demonstrated that some diseases occur more frequently in certain genetic groups: for instance, rheumatic fever occurs more frequently in subjects having blood groups A and B, salivary secretor substance Lewis A and HLA 3. The reason for this association is unknown, but either of 2 mechanisms appears possible:
(1) Linked gene hypothesis, in which the gene predisposing to rheumatic fever is closely linked with the genes coding for blood groups A and B, salivary factor secretor substance Lewis A and HLA 3, but no such predisposing genes have so far been identified.
(2) Molecular mimicry or crosstolerance hypothesis, in which the blood group antigen crossreacts to some degree with microbiological antigens, such that the patient is unable to mount an adequate immune repsonse against these microorganisms (Ebringer and Davies, .J'fature, 241, 144, 1973) .
Any antibodies formed will target on to cells carrying the crossreacting antigen and produce an inflammatory response. The terminal carbohydrate moiety on blood groups A,B and 0 is N-acetyl galactosamine, galactose and fucose respectively, whilst the terminal groups in salivary secretor substances Lewis A and B are, respectively, galactosamine and fucose.
The terminal group in Group A beta haemolytic streptococci is N-acetyl glucosamine which is stereochemically related to N-acetyl galactosamine and galactose, whilst differing significantly from fucose.
A rabbit antiserum raised against Group A beta haemolytic streptococci was found to give a log2 haemagglutination titre against human red cells of blood groups "A+ B" of 588 O26 (mean±S.E.) and blood group" 0" of376±OO5, and this difference is statistically significant (t = 7327, p<o.ool).
It is suggested that molecular mimicry between streptococci and blood group antigens is a possible way of explaining the association between presence of genetic markers such as blood groups and the incidence of rheumatic fever. The level of nitrate reductase activity both in vivo and in vitro has been shown to be correlated with the level of the enzyme's cofactor NADPH (Dunn-Coleman and Pateman, Trans. Biochem. Soc. 3, 531, 1975) . To supply the cell with sufficient NADPH when nitrate is the nitrogen source the two oxidative enzymes of the pentose-phosphate pathway, glucose 6-phosphate and 6-phosphogluconate dehydrogenase have elevated levels of activity (Hankinson and Cove, J. Biol. Ghens., 249, 2344, 1974) . Other glucose metabolising enzyme activities have been measured to see if they were correlated with nitrate reductase activity.
ASPECTS OF CARBON AND NITROGEN UTILISATION OF THE AMMONIUM DEPRESSED MUTANT AMR IN
Hexokinase, in both the wild-type and an ammonium derepressed mutant for nitrate reductase amr, is not inducible by nitrate. However phosphoglucomutase has less activity when grown with nitrate compared to ammonium, this allows more glucose-6 phosphate to be used to generate NADPH. The wildtype has the same higher level ofphosphoglucomutase when grown with nitrate and ammonium, or ammonium alone. When grown with nitrate and ammonium war has lowered phosphoglucomutase activity and elevated 6-phosphogluconate dehydrogenasc activity compared with the wild-type. These enzymes would allow more NADPH to be generated and may explain nitrate reductase derepression when war is grown with nitrate and ammonium. The mutant amr is ammonium derepressed for nitrate reductase (Pateman et al. 7. Bact., 114, 943, 1973) . This mutant also grows poorly with sorbitol, sucrose, maltose or mannose as a carbon source. The poor utilization of these sugars and the altered constitutive levels of phosphoglucomutasc and 6-phosphogluconate dehydrogenase indicate that war may play some regulatory role in carbon metabolism. If this alteration in carbon utilization is responsible for the derepression of nitrate reductase, it should be possible to select for a more extreme form of arnr which is not derepressed. Ammonium derepression of nitrate reductase results in potassium chlorate sensitivity (Cove, Heredity, 36, 191, 1976) . Resistant sectors of war were isolated. One resistant class grew poorly with glucose as the carbon source and ammonium, but did not grow with nitrate. This resistant class grew unlike ansr with the pentoses Larabinose or D-xylose as the carbon source. Over a range of carbohydrates this class grew more poorly than war. Glucose 6-phosphate and 6-phosphogluconate dehydrogenase were not elevated in the presence of nitrate; this class also had no detectable nitrate reductase activity. The linkage data, dominance relationship and enzyme activities are discussed.
A GENETIC SEXING SYSTEM FOR ANOPHELES GAMBIAE Members of the Anopheles gansbiae complex are the main vectors of malaria in Africa. A pre-requisite for their control by the sterile male technique is that few or no females would he released with the sterile males, so that the released mosquitoes would not themselves add to the biting population. Anopheline mosquitoes (unlike Culicines) cannot be efficiently sexed on the basis of pupal size. However, controlled elimination of females is possible with a translocation system in which the allele of a conditional lethal has been linked to the Y chromosome.
Resistance to the insecticide dieldrin is controlled by a semi-dominant autosomal gene and first instar larvae of susceptible homozygotes can be killed with a suitable dose of dicldrin, without harm to heterozygotes. Resistant homozygote males of An. gansbiae sp. A were irradiated and mated to susceptible homozygotes. The male progeny were backcrossed to susceptiblcs, semi-sterile families were selected and the larvae were treated with dieldrin. InS families out of 84 the survivors were all male. At subsequent generations in all 5 families recombination has been detected between the dieldrin locus and sex, but in one family the rate is very low and this appears to provide a usable basis for the production of males for sterilisation and release. Tests of the lines with two other strains of rodent malaria, P. b. yoelii and P. nigeriemis gave similar results to those with P. b. berghei.
In an attempt to check whether the genetic mechanism controlling susceptibility to P. b. berghei has an influence on human malaria infection, the two lines were fed on a chimpanzee infected with P. vivax. The PB line was fully susceptible to the human parasite while the LD line was partially susceptible. Feeding the two lines of mosquitoes on human volunteers suffering from P.falciparum showed a difference between the lines in their rate of susceptibility to the infection which was statistically significant in two out of four replicates.
The results are relevant in relation to the possible replacement of disease vectors by harmless strains.
IDENTIFICATION OF BREAK POINTS IN HUMAN RECIPROCAL TRANSLOCATIONS K. E. BUCKTON MRC Clinical and Population Cytogenetics Unit, Western General Hospital, Edinburgh
With the advent of the new banding techniques in 1970-71, it was thought that many more reciprocal transloeations would be identified because of the possibility of identifying rearrangements involving the transloeation of chromosome segments of equal size. However, very few of the transloeations identified with G or Qbanding would not have been recognized as a rearrangement with conventional staining. Where the banding techniques have assisted is in eharacterising the chromosomes involved and the points at which the rearrangement has occurred. It is now the policy of this laboratory on all chromosome rearrangements found, to carry out a whole range of different techniques, G, Q, C and R in order to obtain the best possible interpretation of the rearrangement.
DENSITY-DEPENDENT SELECTION IN COELOPA FRIGIDA P. M. COLLINS Genetics Department, University of Nottingham
An important mechanism for the maintenance of chromosomal polymorphism is believed to be the superiority of inversion heterozygotes over corresponding homozygutes. Dobzhansky suggested that differential egg-to-adult survival might be a key component of this heterozygote superiority in Drosophila pseudoobscura, although this has yet to be shown experimentally. The hexokinase polymorphism of Drosophilia subobscura has been shown to exhibit remarkably consistent allelic frequencies throughout its geographical range, despite obvious climatic changes (Saura et al., Hereditas, 75, 33, 1973) . This enzyme locus therefore provides an interesting test of the neutralist-selectionist theories. Is this polymorphism maintained by constant selective values on each of the alleles despite climatic variation or is the species, as MacFarquhar and Robertson (Genet. Res., Comb., 4, 104, 1963) have suggested," wide-open ", with the frequencies maintained by migration?
In order to test these hypotheses, perturbation cages were set up from a highly outbred wild population. None of the cages showed signs of a return to the equilibrium values observed in wild and laboratory stocks. The biochemical properties of the enzymes determined by three of the alleles were compared and no large differences between them were found. The implications of these results will be discussed.
SYMPOSIUM ON THE GENETICS OF RESISTANCE TO DISEASE IMMUNOLOGICAL ASPECTS OF THE GENETICS OF DISEASE RESISTANCE N. A. MITCHISON Deportment of Zoology, University College London
The association of antigens belonging to the major transplantation group with disease is a matter of great interest. In a few instances, the association of H-LA type with disease in man is extremely strong, the best known example being ankylosing spondylitis. In other cases, the association is weaker and in yet other instances, for example Hodgkins Disease, the association if it occurs at all is with different antigens in different human populations. The meaning of these associations is unclear. Until recently, they were thought to reflect linkage disequilibrium with the major imsnune regulation locus, but other possibilities are now open, for example, H-LA antigens interact directly with some viral products. Other loci besides those closely linked to major transplantation antigens also regulate the immune response.
The truth about JR heritability will come out if and when our fertility is controlled by vaccination.
THE GENETIC COMPONENT IN CORONARY HEART DISEASE

F. W. ROBERTSON Deportment of Genetics, University of Aberdeen
The incidence of coronary heart disease presents a somewhat paradoxical aspect since the apparent increase during the last thirty years, due presumably to enhanced importance of various environmental risk factors, has to be reconciled with the growing evidence of genetic variation in susceptibility to the disease (Slack, 3'. Rqy. Coil. Fhycsss. London, 115, 1974) and also levels of serum cholesterol and triglyceride. Current debate involves the relative responsibility of polygenic versus simply inherited differences in the origin of elevated lipoprotein levels. From the evidence of a massive study of the familial incidence of hyperlipidemia in survivors of myocardial infarction and their relatives, Goldstein et al. (5. Gun. Insest., 52, 1544 Insest., 52, , 1973 working in Seattle, have suggested that a substantial proportion of the cases of elevated serum levels of either cholesterol or triglyceride or both, derives from corresponding monogenic effects. Also, Goldstein and Brown (5. Lob. Gun. Med., 85, 15, 1975) have further claimed, on the basis of comparative studies on fibroblasts, that the genetically determined elevation of cholesterol is related to impaired feed-back inhibition of the ratelimiting enzyme in cholesterol synthesis.
The situation will be considered in the light of new evidence derived from a study of genetic variation in levels of serum lipoprotein in survivors of myocardial infarction, living in north-east Scotland, their relatives and in a control sample.
METABOLIC DISEASE AND DOMINANCE IN MOUSE AND MAN H. KACSER Deportment of Genetics, University of Edinburgh
The classical inborn errors of metabolism are known to be caused by specific enzyme variation. Most are fully recessive at the clinical level and in all of them the aetiology of the disease is little understood. Both the detection of carriers and the approach to the therapy of the clinical condition may depend on an understanding of the metabolic consequences of enzyme activity variation. Murine homologues of human genetic mutants are suitable for such studies. A number of cases are discussed in detail and some general aspects are considered. In particular it is shown that the recessivity of enzyme deficiencies are a necessary consequence of the organisation of enzyme systems. Maternal metabolic effects are likely to show the same behaviour.
THE GENETICS OF HLA AND DISEASE ASSOCIATION
GLENYS THOMSON Genetics Loboratory, Oxford
During the past few years a number of studies have shown an association between human histoeompatibility (HLA) antigens and certain diseases. These associations will be discussed and a simple model constructed which assumes that there are loei within the HLA region which control susceptibility to disease. On the basis of this model two methods will be considered which make it possible to discriminate between different modes of inheritance of these so-called "disease" genes and estimate their population frequency. The course of infection with the intracellular protozoan parasite of macrophages, Leishmania donosani, was followed in 25 inbred strains of laboratory mice by measurement of liver parasite burdens. The acute parasite population growth rate (over the first two weeks of infection) varied between but not within strains. They fell into two distinct groups: susceptible (5) and resistant (R). Hybrids within either category resemble their parents in susceptibility. Hybrids between categories are moderately resistant. Backerossing of F1 hybrids to R and S parents, and interbreeding the F1 generation, give susceptibility ratios consistent with single gene (or tight linkage group) control of acute susceptibility with resistance incompletely dominant.
The possible identity and mode of action of the gene are discussed in relation to the distribution of the major histoeompatibility and immune response loei and in the light of our continuing research into the biochemistry of the macrophage cells and the frequency of the resistance gene in natural populations.
The system provides a model for studying genetic control not only of acute susceptibility but also of acquired resistance to intracellular infection and is compared with the range of responses obtained with bacterial and other protozoal infections in mice, and with human leprosy and cutaneous leishmaniasis. A gene-for-gene system of host resistance to specific races of pathogen was found to exist during the infection of flax by a rust fungus (Flor, Phytopathnlsgy, 32,653, 1942) . It was shown that a strain of flax possessing a particular dominant allele was resistant to infection when the rust carried a specific dominant allele at another locus. In Pndospsra anserine, a 4-spored aseomycete, peritheeia may not be formed, or be formed unilaterally, when homokaryotic strains are mated (Esser, Z. Vererbungslehre, 8?, 595, 1956 ). The bilateral formation of perithecia fails when the opposing compatible strains carry specific alleles at different loci; a gene-for-gene reaction.
GENE-FOR-GENE
Breeding studies on closely related species of Coprinus (Kemp, Trans. Grit. Mjicol. Soc., 65, 375, 1975) have shown that the fusion of hyphae of one species with the oidia of another can result in a lethal reaction. It seems possible that speciation in both ascomycetes and in basidiomycetes could be the result of gene-for-gene lethality. A basic mechanism is suggested which could account for some forms of disease resistance to pathogens and for fungal speciation.
The significance of hi-nucleate spores in maintaining permanent heterozygosity and establishing immediate homozygosity will be discussed. HLA typing has been carried out in 73 two generation families with 2 or more in the second generation. In 62 families at least one of the second generation has coeliac disease and in 14 of these families coeliac disease occurs in both generations. The data have been analysed to show the haplotype inheritance within the families and the distribution and representation of the haplotypes will be presented and discussed. 
MULTIPLE
